Modern bryozoan skeletal mineralogy varies with seawater temperature: polar Antarctic bryozoans are mainly low-Mg calcite, whereas temperate Tasmanian bryozoans are predominantly high-Mg calcite with variable amounts of aragonite. Bivalve molluscs from both polar and temperate regions are mainly aragonite with variable amounts oflow-Mg calcite. The 0 18 0 and o13C isotope fields of polar skeletons are clearly separated from the temperate fields, due to differences in seawater temperatures, levels of 013C in seawater and the circulation of seawater masses. 0 18 0 values of bryozoa, benthic foraminifera and bivalve molluscs give near-equilibrium seawater temperatures. Small differences in 0 18 0 and o13C values between skeletons are due to their variable growth rates. Meltwater effects are small «7%) in the polar Antarctic Sea and high (<25%) in the shallow Arctic Sea because ice sheets do not melt in the Antarctic region, whereas significant melting of ice sheets occurs in summer in the Arctic regions. Skeletal carbonate mineralogy and 0 18 0 and o13C variations can be used in the recognition of ancient, non-tropical carbonate skeletons and carbonate rocks.
INTRODUCTION
Carbonate skeletons are abundant in modern shallow seas from tropical, temperate to polar regions. Accumulation of carbonate skeletons forms carbonates in all climatic regions. Temperate and polar carbonates are mainly biogenic sediments (e.g. Domack 1988 , Nelson 1988 Aharon 1989, Anderson et al. 1992) . The carbonate mineralogy of many skeletons varies with seawater temperatures (e.g. Morse & McKenzie 1990 , Rao 1993 . Comparison of carbonate skeletal mineralogy from temperate and polar sediments is presented here to illustrate temperature control on carbonate skeletal mineralogy.
The ISO fractionation related to water temperature is well established (e.g. Friedman & O'Neil 1977) . The l3C in surface seawater varies from temperate to polar regions, due to atmospheric CO 2 , oxidation of organic matter and mixing of water masses (Kroopnick 1985) . Rate of skeletal precipitation affects the blBO and b l3 C composition of skeletons (e.g. McConnaughey 1989 ). This study presents b 1S 0 and b 13 C fields for polar Antarctic bryozoans, benthic foraminifera and bivalve molluscs, compares these fields with those of similar fauna previously established for the subpolar Greenland Shelf and for the temperate Tasmanian Shelf ( fig. 1 ; Rao 1994 ) and discusses relative rates of skeletal precipitation of polar Antarctic bryozoans, benthic foraminifera and bivalve molluscs. The implications of our findings in understanding the origin of modern and ancient temperate to polar skeletal accumulations are presented.
METHODS OF STUDY
Tasmanian samples studied are grab samples from eastern Tasmania ( fig. 1 ; Rao 1993) and range from about 30 to 200 m water depths. Antarctic samples from the Prydz Bay Shelf ( fig. 1) are grab samples at water depths from 0 to 121 m and from a 0.6 m long, deep core (with samples at about 25 mm intervals) at 134 m water depth. Both Tasmanian and Antarctic samples range from siliciclastics to carbonates. However, Tasmanian samples are mainly carbonates, whereas Antarctic ones are predominantly siliciclastics. After washing the samples, bryozoans, benthic foraminifera and bivalves were hand-picked using a binocular microscope. Bryozoans and bivalves were subjected to X-ray (Harris et al. 1996) ; 8 18 0 and 8 13 C values of aragonite bivalves from Greenland (Israelson et al 1994) .
RADIOCARBON AGES OF ANTARCTIC SEDIMENTS
The 14C datesof17 grab samples from Prydz Bay range from 2470 to 140 yr BP. Two dates are from cores (GC03) are 4314 ± 96 yr BP at 0.15 cm and 8030 ± 100 yr BP at 0.55 to 0.57 m. In Antarctica, many living marine organisms yield older ages-up to 1770yrBP(Stuivereta!'1981) -because the 1 4 C reservoir effect is pronounced around Antarctica (Harris et al. 1996) . All these ages firmly establish that the Ant~rctic sediments studied here were deposited during the Late Holocene.
CARBONATE MINERALOGY
X-ray diffractometric analyses indicate that Antarctic bryozoans are calcites with a predominance of !ow-Mg calcite «5% mole % MgC0 3 ) relative to high-Mg calcite (>5 mole % MgC0 3 ; fig. 2 ), whereas temperate Tasmanian bryozoans (Rao 1993) indicate that melt-water dilution is minimal in the samples studied, as expected (Taviani & Aharon 1989 , Taviani et al. 1993 .
The 8 (Barrera et al 1994) , which should be the case for crushed bulk bivalves analysed in this study. Despite this apparent variation in 8 18 0 values in different parts of the shell, the Antarctic bulk bivalve molluscs provide near equilibrium isotopic estimates of seawater temperatures (Barrera et al 1994) .
8 18 0 values of Antarctic bivalves are much higher than those of bivalves from shallow (<30 m) depths in the Arctic Sea around Greenland ( fig. 6 ). Though measured seawater temperatures around Greenland are very cold and range from _1.8° to 1°C, the temperatures calculated from 8 18 0 values of bivalves give anomalously warm temperatures ranging from 9° to 21 ° C. These high temperatures are due to strong meltwater dilution of up to 25% ( fig. 6 ) that reduces the 8 18 0 of seawater from 0 to -9%0 SMOW ( fig. 7) , because measured meltwater 8 18 0 values around Greenland are around -38%0 SMOW. The temperatures warmer than -1.8°C, obtained from some bryozoans, benthic foraminifera and bivalves from Antarctica, are possibly due to small amounts «7%) of meltwater. This amount of meltwater around Antarctica is calculated from the most negative 8 18 0 value of 2.9%0 and a carbonatewater fractionation factor (L'l 18 0) of35%0 at _2°C (Rao & Green 1982 
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. fig. 8 ), both these faunal elements probably formed at almost equal growth rates. In Tasmania, 8 l3 e values of temperate benthic foraminifera are lower than those of bryozoans in the same samples, due to benthic foraminifera forming at a faster rate (Rao 1994) .
The 8 13 e values in skeletons depend on 8 l3 e in seawater, which ranges up to about 2.5%0 in shallow seas and to about 0%0 in well-mixed deep seawater (Kroopnick et al. 1977 , Kroopnick 1985 . The difference in 8 l3 e values in polar Antarctic skeletons and temperate Tasmanian skeletons ( fig. 5D) Tasmanian surface seawater (2.5%0; Kroopnick et at. 1977) . waters aft not significantly affected by freshwater input. The rate of CaCOo production in non-tropical seas is lower than in tropical seas (Rao 1994) and, thus, the withdrawal of ol3C from non-tropical seas is too low to significantly decrease ol3C values in those seas. Kinetic effects are minimal in non-tropical skeletons (Rao 1993) , so the variation in ol3C values in skeletons is due to mixing of seawater masses. Lower Ol3C values in some Antarctic skeletons compared with Tasmanian ones, therefore, arc due to strong mixing of seawater and oxidation of organic matter. In Prydz Bay, physical oceanographic evidence indicares the operation of a large cyclonic effeC( (Smith et al. 1984) , and this affects the distribution of fauna and sediment types (Franklin 1993 (Taviani etal. 1993) . In regions of strong meltwater dilution, both 8 18 0 and (513C values of skelerons will appreciably decrease from original marine values, as in the modern sea off Greenland (Israelson et al. 1994) , the Canadian Arctic (Hillaire-Marcel 1981) and the polar Permian sea of Tasmania (Rao & Green 1982) .
